The cytotoxic activity of two salonitenolide derivatives, 8-O-(3-hydroxy-2-methylpropanoyl)-salonitenolide (or arctiopicrin, 1) and 8-O-(4-hydroxy-3-methylbutanoyl)-salonitenolide (2), isolated and identified from the methanol extract of the aerial parts of Centaurea gigantea, was assessed by the MTT cytotoxicity assay using the colon cancer cell line, CaCo-2. The IC 50 values for 1 and 2 were found to be 8.5 and 26.4 μM, respectively.
Colorectal cancer is a fatal malignancy, being second to lung cancer as a cause of cancer-death in many western countries, including the UK and the USA. It has been estimated that 148,610 new cases will be diagnosed in 2006 in the USA alone, and ca. 55,170 will die of the disease in 2006, making it the second leading cause of cancer death in the USA [1] . Currently available treatment includes surgical resection as the primary curative modality, with endoscopic resection representing another approach for the small minority of early malignant polypcancers [2] . As a part of our on-going search for novel 'leads' from higher plants for the development of new drugs to treat colon cancers [3] [4] [5] , we now report on the cytotoxic properties of two sesquiterpenes, 8-O-(3-hydroxy-2-methylpropanoyl)salonitenolide (or arctiopicrin, 1) and 8-O-(4hydroxy-3-methylbutanoyl)-salonitenolide (2), isolated and identified from the methanol extract of the aerial parts of Centaurea gigantea, towards the colon cancer cell line, CaCo-2, using the MTT cytotoxicity assay [6] . The antioxidant property and brine shrimp toxicity of these compounds have also been assessed using the DPPH [7] and the brine shrimp lethality assay [8] [9] . To our knowledge, there is no report of any phytochemical or pharmacological study on C. gigantea available to date. However, many species of the genus Centaurea have long been used in traditional medicine to cure various ailments, for example diabetes, diarrhoea, rheumatism, malaria and hypertension, and a variety of secondary metabolites have been reported from different species of this genus [10] . 6 . The IR spectrum showed bands indicative of hydroxyl (3410 cm -1 ), lactone carbonyl (1770 cm -1 ), ester carbonyl (1730 cm -1 ) and olefinic carbons (1445 cm -1 ) [11] . The UV absorption at λ max 218 nm indicated the presence of an αβ unsaturated carbonyl moiety [12] . All this spectroscopic information from UV, IR, and 13 C NMR data indicated that 1 was a germacranolide [13] . The 1 H NMR data (Table 1) The relative stereochemistry at the chiral centers was determined by a 1 H-1 H NOESY experiment and also by comparison with related compounds [13] . Although arctiopicrin (1) was previously isolated from Centaurea melitensis [13] , this is the first report of the occurrence of this compound in C. gigantea.
The striking similarities in the UV, IR, 1 H and 13 C NMR data of 1 and 2 revealed that 2 was also a salonitenolide-type germacranolide. The 1 H and 13 C NMR data (Table 1) 3) and C-19 (δ 65.9). The ESIMS spectrum showed the pseudomolecular ion at m/z 387 [M+Na] + , suggesting Mr=364, and the molecular formula C 20 H 28 O 6 . The mass analyses also proved that 2 had an extra 14 mass unit compared to 1. Thus, the structure of 2 was elucidated as 8-O-(4-hydroxy-3-methylbutanoyl)salonitenolide. This compound was previously isolated from Onopordon laconicum [14] . However, isolation of this compound from C. gigantea and even from the genus Centaurea is reported here for the first time. The brine shrimp lethality assay [8] , which has been proven to be an effective and rapid assay method to screen compounds for potential general toxicity and cytotoxic activity was used to determine the general toxicity of 1 and 2. Both compounds were found to be highly toxic towards brine shrimps (LD 50 = 4.7 x 10 -3 and 5.8 x 10 -3 mg/mL, respectively), their toxicity being comparable to that of the positive control podophyllotoxin (LD 50 = 2.8 x 10 -3 mg/mL), a well known cytotoxic lignan.
The in vitro cytotoxicities (IC 50 μM) of the salonitenolide derivatives, 1 and 2, were determined by the MTT assay against colon cell line CaCo-2 ( Table 2 ) [6] . Both compounds exhibited potent in vitro cytotoxic activity with IC 50 values of 8.5 and 26.4 μM, respectively. The main structural difference between 1 and 2 is in their side chains. The presence of a shorter side chain, 3-hydroxy-2methylpropanoyl, in 1, as opposed to 4-hydroxy-3methylbutanoyl side-chain in 2, might have contributed to the enhanced (>3 times) cytotoxicity of 1 compared to that of 2. These compounds (1 and 2) could be used as templates for generating 'leads' with enhanced anti-colon cancer activity. It is interesting to note that the degree of general toxicity of 1 and 2 in the brine shrimp lethality assay [8] corresponded well with the cytotoxic potentials of these compounds observed in the MTT assay [6] using colon cancer cell line, CaCo-2.
Like most of the natural sesquiterpenes, neither of the compounds (1 and 2) showed any noteworthy antioxidant properties in the DPPH assay [7] , which is an easy and straightforward method for determining the free radical scavenging property of a compound ( Table 2 ).
Experimental
General: UV spectra were obtained using a Hewlett-Packard 8453 UV-Vis spectrometer. An AVATAR 360 FT-IR spectrometer was used for obtaining IR spectra. NMR spectra were recorded in DMSO-d 6 on a Varian Unity INOVA 400 MHz NMR Spectrometer 400 (400 MHz for 1 H and 100 MHz for 13 C) using the residual solvent peaks as internal standard. HRMS on a Quattro II triple quadrupole instrument HPLC separation was performed in a Dionex prep-HPLC System coupled with Gynkotek GINA50 autosampler and Dionex UVD340S Photo-Diode-Array detector. A Luna C18 preparative HPLC column (10 m x 250 mm x 21.2 mm) was used. A Sep-Pak DSC-18 Supelco 10 g cartridge was used for pre-HPLC fractionation. HMBC spectra were optimized for a long-range JH-C of 9 Hz and NOESY experiment was carried out with a mixing time of 0.8 s.
Plant material:
The aerial parts of Centaurea gigantea were collected from South-East Anatolia, Turkey. A voucher specimen PHSH80010 has been retained in the herbarium of the Plant and Soil Science Department, University of Aberdeen, Scotland (ABD).
Extraction and isolation:
Dried and ground aerial parts of C. gigantea (100 g) were Soxhlet-extracted, successively, with n-hexane, dichloromethane and methanol (MeOH) (1 L each). The MeOH extract was fractionated by a solid-phase extraction method using a Sep-Pak C 18 (10 g) cartridge eluting with a step gradient: 30, 60, 80 and 100% MeOH in water (200 mL each). Prep-HPLC (eluted with a linear gradient-water: MeOH = 75:25 to 30:70 over 50 min, followed by 70% MeOH for 10 min, 15 mL/min) of the Sep-Pak fraction, which was eluted with 60% MeOH, afforded 1 (9.0 mg, t R = 22.3 min) and 2 (21.4 mg, t R = 24.6 min).
8-O-(3-Hydroxy-2-methylpropanoyl)salonitenolide (1)
Gum (yield 0.009%).
[α] D 20 : +134º (c 0.52 in CHCl 3 ). UV λ max (MeOH): 218 nm. IR ν max (neat): 3410, 1770, 1730 and 1445 cm -1 . 1 H NMR (400 MHz, CD 3 OD): Table 1 . 13 C NMR (100 MHz, CD 3 OD): Table 1 . ESIMS: 373 [M+Na] + . 
8-O-(4-Hydroxy-3-methylbutanoyl)-salonitenolide

Free radical scavenging activity
The DPPH assay: 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Fluka Chemie AG, Bucks, UK and quercetin from Avocado Research Chemicals Ltd, Shore Road, Heysham, Lancs, UK. The method used by Takao et al. [7] was adopted, with appropriate modifications [15, 16] . DPPH (4 mg) was dissolved in MeOH (50 mL) to obtain a concentration of 80 μg/mL.
Qualitative assay:
Test compounds (1 and 2) were applied to a TLC plate and sprayed with DPPH solution using an atomizer. After being allowed to develop for 30 min, the color change (purple on white) was noted.
Quantitative assay: Test compounds (1 and 2) were dissolved in MeOH to obtain a concentration of 0.5 mg/mL each. Dilutions were made to obtain concentrations of 5x10 -2 , 5x10 -3 , 5x10 -4 , 5x10 -5 , 5x10 -6 , 5x10 -7 , 5x10 -8 , 5x10 -9 and 5x10 -10 mg/mL. Diluted solutions (1 mL each) were mixed with DPPH (1.00 mL) and allowed to stand for 30 min for any reaction to occur. The UV absorbance was recorded at 517 nm. The experiment was performed in triplicate and the average absorption was noted for each concentration. The same procedure was followed for the positive control, quercetin, which is a well-known natural antioxidant.
Brine shrimp lethality assay:
Shrimp eggs were purchased from The Pet Shop, Kittybrewster Shopping Complex, Aberdeen, UK. The bioassay was conducted following the procedure described by Meyer et al. [8] . The eggs were hatched in a conical flask containing 300 mL artificial seawater. The flasks were well aerated with the aid of an air pump, and kept in a water bath at 29-30ºC. A bright light source was used and the nauplii hatched within 48 h. Compounds 1 and 2 were dissolved in 20% aq. DMSO to obtain a concentration of 1 mg/mL. These were serially diluted two-times, and seven different concentrations were obtained. Samples of each concentration (1 mL) were transferred into clean sterile universal vials with a pipette, and aerated seawater (9 mL) was added. About 10 nauplii were transferred into each vial with a pipette. A check count was performed and the number alive after 24 h was noted. LD 50 values were determined using the Probit analysis method [17] .
MTT cytotoxicity assay:
CaCo-2 cells were maintained in Earle's minimum essential medium (Sigma), supplemented with 10% (v/v) fetal calf serum (Biosera), 2 mM L-glutamine (Sigma), 1% (v/v) non-essential amino acids (Sigma), 100 IU/mL penicillin and 100 mg/mL streptomycin (Sigma). Exponentially growing cells were seeded with 10,000 cells per well into a 96-well plate (Nunc) and incubated for 72 h before the addition of drugs. Stock solutions of compounds were initially in either DMSO or H 2 O and further diluted (0.5 μM to 400 μM) with fresh complete medium. The growthinhibitory effects of the compounds (1 and 2) were measured using the standard tetrazolium MTT assay [6] . After 72 h of incubation at 37ºC, the medium was removed and 100 μL of MTT reagent (1 mg/mL) in serum free medium was added to each well. The plates were incubated at 37ºC for 4 h. At the end of the incubation period, the medium was removed and pure DMSO (200 μL) was added to each well. The metabolized MTT product dissolved in DMSO was quantified by reading the absorbance at 560 nm on a microplate reader (Dynex Technologies, USA). The assay was performed in triplicate. The IC 50 values were calculated from the equation of the logarithmic line determined by fitting the best line (Microsoft Excel) to the curve formed from the data.
